Abstract -The study was aimed at summarising the literature that compares the incidence levels of spontaneously occurring intramammary infections (IMI) during the dry period, without versus with antibiotic dry cow treatment (DCT). A meta-analytic relative risk (RR) calculation was implemented when a priori relevant. Two main categories of comparison were used in the 36 selected papers. In the first category, the udder quarters were randomly allocated (at quarter or cow level) to an untreated or a treated group. Quarter incidence averaged 12.8% (weighted mean) in untreated quarters, and depending on the DCT used, from 6.6 to 8.0% in treated quarters. The meta-analytic RR of new IMI for untreated versus treated quarters varied from 1.54 to 1.94, depending on the DCT used. DCT was mainly found effective against IMI due to streptococci and coagulase-positive staphylococci. Based on only a few papers, the application of an internal teat sealer was associated to a quite similar (or possibly better) protection against IMI than DCT, but only in a subpopulation of particular (selected) cows. In the second category of studies, a selective dry cow or quarter antibiotic-treatment (selective DCT or DQT), according to cow or quarter selection criteria, was compared to blanket DCT. The meta-analytic RR of new IMI was 1.71 for selective DCT versus blanket DCT. Selective DQT seemed to be more at risk than selective DCT, but consisted of treating a much lower proportion of quarters. The summary-results provided by our meta-analysis should only be used with caution, due to possibly low external validity. More research seems to be relevant on the risk factors of new IMI during the dry period to make the outcomes of omission of DCT in selected cows more predictable under field conditions. dairy cow / mastitis / risk / dry-cow treatment / meta-analysis
INTRODUCTION
The dry period (cessation of regular milking) in the dairy cow is a sensitive period for the occurrence of new intramammary infections (IMI), especially shortly after dryingoff and before calving [50] . Since the 1960s, in order to control the risk of new IMI after drying-off, and also to try to eliminate existing IMI, a blanket dry cow antibiotic treatment (blanket DCT) has been recommended at drying-off for all cows, as a component of the "5 Points Mastitis Control Plan" [19, 36, 49, 51] . Blanket DCT is today widely implemented, with an adoption rate ranging from 75 to 99% depending 26 A. Robert et al. on the country [17] , except in the Nordic European countries 1 .
Blanket DCT has been challenged for a long time by some researchers, holding that only infected cows must be treated [17, 21, 25, 38, 72] or due to its high cost [87] . More recently, blanket DCT has again become more challenged in several countries for multiple reasons. The first one is the consumers and society's expectations regarding antibiotic residues in milk, or antibiotic resistance [3, 4, 8, 10] . The DCT is, reportedly, a possible vector of pathogens inducing a new IMI, under certain circumstances [23, 81] . Moreover, the systematic use of DCT at drying-off possibly seems no longer necessary, in view of the reduction of the prevalence of udder-born contagious pathogens, as shown by the improvement in SCC levels in almost all countries during the last 20 years [33, 41, 64] .
An alternative, to the strictly preventive use of DCT, is to apply an internal, or external teat sealer 2 [3, 4, 27, 35, 42, 44, 45, 46, 73, 88] . These sealers can be used in combination with DCT to obtain a preventive and a curative effect [26, 45, 46, 47, 68, 84] . Another alternative to blanket DCT is selective DCT. In this strategy, only cows or quarters assumed infected are treated. Selection of quarters treated can be done at the cow level or at the quarter level.
In most countries, these alternative strategies are not yet widespread. One explanation could be the fact that their economic outcomes for dairy farmers are not wellknown or predictable. To allow economic calculations to compare strategies for DCT (e.g. blanket DCT versus complete omission or selective DCT, or use of a teat sealer alone or in combination), information is needed about their curative and preventive effectiveness. The curative effectiveness of blanket DCT, or another strategy is usually quite well-known or assumed, compared to its preventive effectiveness, which remains less predictable. In fact, the magnitude of the preventive effect depends widely on the risk of new IMI. Currently, in many herds, this risk has been widely reduced by better management and hygiene during the dry period [5, 17, 33, 71, 72] and consequently, one may only expect a small resulting preventive effect, even with a very effective DCT. Relevant knowledge on the risk of new IMI and on its preventable fraction by DCT (or application of a teat sealer) is thus critical for decision making.
Some review papers have already been published on mastitis control during the dry period and a large number of original studies on the risk of new IMI during the dry period have been conducted [5, 10, 22, 32, 71] . However, no study has provided a quantitative overview of the differences in incidence with or without DCT, nor a discussion of variation in these differences. Therefore, the purpose of this paper was to provide a quantitative comparative analysis of the incidence of spontaneously occurring IMI during the dry period, with or without DCT (random or selective omission, with or without application of a teat sealer).
MATERIALS AND METHODS

Materials for meta-analysis
Selection of papers
A search in the literature was conducted using the Commonwealth Abstract Bulletin (CAB) database for papers indexed since 1990, Medline for papers indexed since 1966, and OldMedline for articles indexed from 1957 to 1965. Research terms consisted of combined descriptors of the disease, the population under study and the period in question: (Mastitis or mammary gland disease or intramammary infection or udder 1 Only papers published in English, French, German, Italian or Spanish were considered. At this stage, the references cited in all papers found were also taken into account. The papers had to fulfil the following conditions: (i) To be an original study (review or symposium papers were cited but not included in the quantitative analyses). Moreover, if several studies had been made using the same study sample and method, only the study with the most detailed description of materials and methods was kept.
(ii) To report the incidence of spontaneous IMI cases during the dry period in field conditions. Routes and infective doses of experimentally induced IMI were not considered as being fully representative of IMI under field conditions. (iii) The status of quarters regarding IMI had to be determined based on microbiological examinations of aseptic quarter milk samples.
A total of 36 papers based on 30 studies were included. Some authors presented the results of several protocols in the same paper (for easier reading, each protocol was numbered in roman numerals [5-I, 5-II, 59-I, 59-IV]). Others presented results from the same protocol in several papers (for easier reading, studies on the same protocol were grouped [3-4, 10-11, 63-64-65, 66-74, 76-77, 78-79] ).
The aspects of study sample and design likely to influence external validity of the results were systematically checked and recorded by the same abstractor. The description focused on the following: country, study period, type of herds (experimental or commercial), number of herds/cows/quarters, method of drying-off, selection of herds/ cows, active-principle in the DCT used, milk sampling timing, microbiological procedure, definition of an infected quarter, definition of a new IMI, prevalence of IMI at dryingoff and type of pathogen involved, number of quarters at risk contracting a new IMI during the dry period. All these data are displayed in Tables I, II and III, and in Section 2.1.2.
Study design in selected papers
Study sample
The study samples in the selected papers included from 1 to 140 herds (mainly less than 10 herds) and from 40 to 3 987 cows (mainly around 200-250 cows) (Tab. I). All studies were done at the quarter level as the observation unit.
Type of comparison implemented
Firstly, the effect of a random total omission of antibiotic DCT was assessed. Such studies compared cows from the same herd randomly assigned in two groups: a group of untreated cows and a group of treated cows (type 1a in Fig. 1) [5-I, 5-II, 14, 22, 24, 30, 31, 32, 34, 57, 58, 66-74, 67, 75, 76-77, 78-79, 80, 82, 83] . In order to account for individual factors likely to influence the incidence of IMI, some authors made an intra-cow comparison (type 1b in Fig. 1 ): in each cow, some quarters were treated and some were left untreated. Depending on the study, quarters were either randomly assigned [48, 59-I, 88] or a fixed half udder was treated or not 71] . The same study designs (1a or 1b) were used to compare the application of a teat sealer to DCT [35, 88] or to the absence of any DCT [3] [4] 88] . However, these study designs were applied here to a selected sample of cows or quarters, presumed not infected or infected at a low prevalence level (see Tab. I) .
Secondly, the effect of selective DCT strategies was assessed. Studies compared cows from the same herd randomly assigned into two groups: selectively treated versus 
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A. Robert et al. Intramammary infections during the dry period 33 blanket DCT. The selective treatment could be applied at two levels: at the cow level (selective DCT) for type 2a in Figure 1 [10-11, 62, 66-74, 86] and at the quarter level (selective DQT) for type 2b in Figure 1 [10-11, 63-64-65, 86] . The selection criteria of cows or quarters treated were based on microbiological examination [10-11, 63-64-65, 86] or on the SCC level and/or the Californian mastitis test score [62, [66] [67] [68] [69] [70] [71] [72] [73] [74] .
Milk sampling for bacteriological examination
In all selected studies, samples were taken at drying-off and shortly after calving, to assess the possible change in quarter infection status during the dry period. In 24 studies, two (or more) consecutive samples (at a few days interval) [3-4, 5-I, 5-II, 10-11, 22, 62, 66-74, 75, 78-79] or two (or more) duplicate samples (at the same time) [14, 24, 31, 32, 34, 35, 57, 58, 67, 71, 76-77, 82, 83, 86, 88] were taken. In one study, some additional samples were taken along the dry period, to better assess the timing of the occurrence of new IMI [78] [79] .
Bacteriological procedure
The two standard procedures mostly used were instituted by the National Mastitis Council [14, 22, 24, 30, 57, 58, 62, [78] [79] 82] or by the International Dairy Federation [3-4, 5-I, 5-II]. Some other authors used a personal procedure derived from the previous ones. Methodological issues which could impair the sensitivity or specificity of the bacteriological procedures were checked: the volume of milk spread over a fixed area [12] , the storage of samples, especially the freezing of samples [39, 70] , and the type of growth medium used (selective medium or not).
Antibiotic treatment
This paper was not aimed at summarising the curative effectiveness of DCT. The pharmacokinetic properties of the ointment base were therefore not considered. Most DCT were intramammary-labelled drugs (for details see Tab. II), except in [80] and [83] , where some DCT were administered intramuscularly or subcutaneously. The molecules used were specified only to explain possible discrepancies among the studies. In the selected studies, some molecules with a wide spectrum of activity on Gram+ and Gram-pathogens [5- 
Definition of a new intramammary infection
A quarter was considered infected if the same bacterial species was isolated in two (or more) consecutive or duplicate samples. A new IMI occurring during the dry period was declared when a pathogen, not found at drying-off, was found at calving. This definition includes two different quarter infection statuses at drying-off: (i) uninfected at drying-off and infected at calving and (ii) infected by a pathogen at drying-off and infected by another pathogen at calving. Some authors did not consider the second definition. They either did not observe such a new IMI (due to its very low frequency of occurrence) or they excluded all quarters already infected at drying-off from those at risk of a new IMI (most common).
Calculation of the incidence of intramammary infections
The incidence of IMI was the number of quarters contracting a new IMI during the dry period divided by the total number of quarters at risk of new IMI at drying-off. According to the definition of a new IMI (given above), the total number of quarters at risk could be different: all quarters versus 34 A. Robert et al. only quarters uninfected at drying-off [10-11, 34, 59-I, 59-IV, 80, 86] . In some papers, the incidence was directly provided. For others [14, 22, 48, 71, 83] , calculations were made by reviewers. In each study of type 1a and 1b (Fig. 1) , the incidence in untreated quarters was compared to the incidence in treated quarters. In each study of type 2a and 2b (Fig. 1) , the incidence in cows under selective DCT or DQT was compared to the incidence in cows under blanket DCT. The significance of the difference in incidence between groups was assessed by a χ 2 test, when it was feasible and not already provided by the authors of the original papers [14, 22, 48, 57, 58, 66-74, 67, 71, 78-79, 82, 83] .
Meta-analysis procedure
The relative risk of new IMI (the incidence in untreated quarters versus the incidence in treated quarters) was summarised by a meta-analysis. The general variancebased method described by [60] was used. A summary estimate of the relative risk (RR s ) was determined for all pathogens and also by pathogen type. The formulae for meta-analysis were the following:
where RR s is the summary estimate of the relative risk of new IMI (incidence in untreated quarters versus incidence in treated quarters), w i is the weight assigned to the ith study, RR i is the relative risk of new IMI (incidence in untreated quarters versus incidence in treated quarters) in the ith study, CI are the limits of the 95% confidence interval of the summary estimate of the relative risk of new IMI, var i is the variance of the relative risk of new IMI in the ith study, UT i is the total number of quarters at risk among untreated quarters in the ith study, T i is the total number of quarters at risk among treated quarters in the ith study, NNI i is the total number of quarters not contracting a new IMI among both treated and untreated quarters in the ith study, NI i is the total number of quarters contracting a new IMI among both treated and untreated quarters in the ith study, IUT i is the incidence in untreated quarters (in % of quarters at risk) in the ith study, IT i is the incidence in treated quarters (in % of quarters at risk) in the ith study.
In order to assess the relevance of the summary estimates of the relative risk, the Q parameter was calculated and compared to a χ 2 distribution, with a number of degrees of freedom equal to the number of studies minus 1 [60] . This test of homogeneity checks if all studied samples can be assumed to come from the same meta-population. Q was calculated as:
.
In case of heterogeneity, as an attempt to partially explain the deviation, a metaregression was done [29] . The model was:
where Q i is the weighted difference between the summary estimate of the relative risk and the relative risk in the ith study, β 0 is the intercept, β 1 is the year of publication in the ith study (after versus before 1985), β 2 is the assessment of the microbiological procedures in the ith study (one sample versus more than 1), β 3 is the DCT used in the ith study (Gram+ alone versus Gram+ and Gram-activity spectrum), β 4 is the prevalence at dryingoff in the ith study (less versus more than proportion of quarters infected by staphylococci (CPS and CNS) at drying-off in the ith study (less versus more than 15% of infected quarters), ε is the residual error term.
Cut-off values were selected according to the distribution of the variables. If a variable was significantly associated with the Q i (P value < 0.20), a secondary meta-analysis was implemented, after stratification of the studies according to the levels of this variable. To calculate weighted means and meta-analytic RR s , studies could only be considered once when several DCT were used in the same study. Therefore, two summary estimates of the relative risk were provided. To obtain the first one, DCT which minimised the difference between untreated and treated quarters, and for the second one, DCT which maximised this difference, were retained. Neither meta-analysis nor weighted mean calculations were deemed relevant when less than four studies could be included.
RESULTS
Incidence following random
omission of antibiotic treatment 3.1.1. Comparison between untreated and antibiotic-treated quarters (type 1a and 1b designs)
Cumulated incidence of intramammary infections
In untreated quarters at risk, 6.5 to 33.3% contracted a new IMI in studies of type 1a, and 11.6 to 35.1% in studies of type 1b (Tab. III), and the incidence averaged 12.8% (weighted mean). The incidence was not correlated to the prevalence of IMI in untreated quarters at drying-off (Spearman correlation coefficient = 0.25, P value = 0.33) (Fig. 2) .
In antibiotic-treated quarters at risk, 0 to 28.6% contracted a new IMI in studies of type 1a and 2.3 to 37.2% in studies of type 1b (Tab. III), and the incidence averaged 6.6 or 8.0% (weighted means), according to the DCT used (respectively, the most and the less effective).
A higher incidence was systematically observed in untreated than in treated quarters, except in [71] (Fig. 3) . The difference (incidence in untreated quarters minus incidence in treated quarters) varied from -2.1 to +22.1% points (Fig. 3) , being significant in 15 studies out of 25 (Tab. III). Intrastudy, the relative risk ranged from 0.94 to 5.69 (Tab. IV) and the summary RR s were 1.54 and 1.94 (Tab. V), depending on the DCT (respectively, the most and the less effective). The differences were heterogeneous between studies. None of the factors tested by the meta-regression established a possible origin for the heterogeneity of the studies. No secondary meta-analysis was done.
Incidence by pathogens
New IMI were mainly due to streptococci and CPS. In 50% of the studies, each of these pathogens represented more than 35% of new IMI (Tab. III).
Streptococci
In untreated quarters at risk, 4.0 to 12.5% contracted a new IMI due to streptococci in studies of type 1a and 3.0 to 9.5% in studies of type 1b (Tab. III), and the incidence averaged 5.9% (weighted mean).
In antibiotic-treated quarters at risk, 0.0 to 10.2% contracted a new IMI in studies of type 1a and 1.0 to 2.8% in studies of type 1b (Tab. III), and the incidence averaged 1.9 or 2.7% (weighted means), according to the DCT used (respectively, the most and the less effective).
A higher incidence was systematically observed in untreated than in treated quarters in all studies, except in [14, 83] (Fig. 3) . The difference (incidence in untreated quarters minus incidence in treated quarters) varied from -2.8 to +8.5% points (Fig. 3) , being significant in half of the studies (Tab. III).
Intra-study, the relative risk ranged from 0.75 to 10.00 (Tab. IV) and the estimates of RR s were 2.32 and 3.15 (Tab. V), depending on the DCT used. None of the factors tested by the meta-regression established a possible origin for the heterogeneity between the studies.
Coagulase-positive staphylococci
In untreated quarters at risk, 0.8 to 29.3% contracted a new IMI due to CPS in studies of type 1a and 0.6 to 11.8% in studies of type 1b (Tab. III), and the incidence averaged 4.8% (weighted mean).
In antibiotic-treated quarters at risk, 0.0 to 51.7% contracted a new IMI in studies of type 1a and 0.0 to 11.0% in studies of type 1b (Tab. III), and the incidence averaged 1.9 to 3.0% (weighted means), according to the DCT used.
A higher incidence was observed in untreated than in treated quarters in the majority of the studies (15 among 18) (Fig. 3) . The difference (incidence in untreated quarters minus incidence in treated quarters) varied from -22.4 to +21.7% points (Fig. 3) , being significant in only five studies (Tab. III). Intra-study, the relative risk ranged from 0.56 to 18.63 (Tab. IV) and the RR s were 1.34 and 3.04 (Tab. V), depending on the DCT used. None of the factors tested by the meta-regression established a possible origin for the heterogeneity between the studies.
Coagulase-negative staphylococci
Only five studies [14, 30, 34, 71 , 88] reported the specific incidence of CNS IMI (Tab. III). In untreated quarters at risk, 4.3 to 13.5% contracted a new IMI in studies of type 1a and 1.1 to 6.4% in studies of type 1b (Tab. III), and the incidence averaged 5.6% (weighted mean).
In antibiotic-treated quarters at risk, 1.3 to 12.9% contracted a new IMI in studies of type 1a and 0.2 to 14.9% in studies of a QT: per cows, quarters were randomly allocated to treated/untreated group; ½T: the same half udder was assigned to a group of treated/untreated quarters; #: statistical analysis done by reviewers; ||: incidence of new intramammary infections during the dry period calculated by reviewers; NSA: no statistical analysis could have been done; Type 1a: antibiotic treatment was randomly applied at the cow level; Type 1b: antibiotic treatment was randomly applied at the quarter level. b Number of the dry cow treatment used (see Tab. II) . c Relative risk of new intramammary infections during the dry period: incidence of intramammary infections during the dry period in untreated quarters versus incidence in treated quarters.
type 1b (Tab. III), and the incidence averaged 5.1 or 6.7% (weighted means), according to the DCT used. Three studies reported a higher incidence of CNS IMI in untreated than in treated quarters and two reported a lower incidence. The difference (incidence in untreated quarters minus incidence in treated quarters) varied from -8.5 to +5.5% points, being significant in one of the studies (Tab. III). Intrastudy, the relative risk ranged from 0.42 to 6.00 (Tab. IV) and the RR s were 0.83 and 1.12 (Tab. V), depending on the DCT used. None of the factors tested by the metaregression established a possible origin for the heterogeneity between the studies.
Coliforms
A small number of studies (8 studies) reported new Coliform IMI. In the others, the authors either did not observe Coliform IMI or only focused on Gram+ pathogens.
In untreated quarters at risk, 0.0 to 5.6% contracted a new IMI in studies of type 1a and 0.8% in studies of type 1b (Tab. III), and the incidence averaged 1.2% (weighted mean).
In antibiotic-treated quarters at risk, 0.0 to 11.0% contracted a new IMI in studies of type 1a and 0.8% in studies of type 1b (Tab. III), and the incidence averaged 1.2 to 1.3% (weighted means), according to the DCT used.
No clear trend was observed for the difference in incidence between the untreated and the treated quarters, which varied from -2.8 to +8.5% points, being significant in half of the studies (Tab. III). Intra-study, the relative risk ranged from 0.50 to 1.49 (Tab. IV) and the RR s were 0.86 and 0.96 (Tab. V), depending on the DCT used. Differences were homogeneous between the studies. 
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Comparison of application of a teat sealer to either the absence of antibiotic treatment or blanket dry cow treatment
No study on external teat sealer was eligible for this meta-analysis and only 3 eligible studies [3-4, 35, 88] dealt with an internal teat sealer made of bismuth subnitrate in an oily basis. Study samples were restricted to cows, or quarters presumed not infected or infected at a low prevalence level (see Tab. I). In the selected studies, the incidence in the untreated quarters was quite similar to the studies of types 1a and 1b presented above, and ibid. in the treated quarters.
When a teat sealer was applied, from 2.4 to 36.2% of the quarters at risk contracted a new IMI (Tab. VI). New IMI were mainly due to CNS (above 50% of new IMI). The incidence was significantly higher in untreated quarters compared to quarters with an application of a teat sealer. Moreover, the incidence was lower (significantly in [35] , and not significantly in [88] ) in quarters with application of a teat sealer than in antibiotic-treated quarters (Tab. VI). Intra-study, the relative risks were 0.85 or 1.04 and 0.19 or 0.29, for quarters with an application of a teat sealer versus, respectively, antibiotictreated and untreated quarters (Tab. VI). Given the small number of studies, no weighted mean, nor RR s were calculated.
Incidence following selective omission of antibiotic treatment
In these studies, the DCT was not randomly applied to groups derived from the overall population, but only to a sub-population of selected cows or quarters (Fig. 1) . The selection criteria used (Tab. VII) indicate that the cows left untreated were probably uninfected or only infected with a low probability. In the group of cows under blanket DCT, from 2.6 to 21.9% of quarters at risk contracted a new IMI and the average incidence was 6.5% (weighted mean). This level was not discrepant with the results of studies previously analysed (Sect. 2.1).
In cows under selective DCT, from 3.9 to 28.7% of the quarters at risk contracted a new IMI, and the average incidence was 9.9% (weighted mean), when 27.1 to 57.1% a QT: per cows, quarters were randomly allocated to the antibiotic treated group, the untreated group or the group with a teat sealer application; #: statistical analysis done by reviewers; ||: incidence of new intramammary infections during the dry period calculated by reviewers. b Incidence of intramammary infections during the dry period (in percentage of quarters): number of quarters newly infected during the dry period divided by the total number of quarters at risk of new intramammary infections during the dry period, in the groups with a teat sealer application, the antibiotic treated group, or the untreated group. c Relative risk of new intramammary infections during the dry period: ratio of incidence in quarters with a teat sealer application versus antibiotic treated or untreated quarters. * Sp < 0.05; ** Sp < 0.01; *** Sp < 0.001; NS: not significant. Prevalence of infected quarters at drying-off: number of quarters infected at drying-off divided by the total number of quarters. of the quarters were treated (Tab. VII). The difference in incidence (the incidence in cows under selective DCT minus the incidence in cows under blanket DCT) ranged from +1.3 to +6.8% points, and was significant in half of the studies. Intra-study, the relative risk ranged from 1.31 to 2.23 (Tab. VII) and the summary RR s (selective DCT versus blanket DCT) was 1.71 (CI = [1.37; 2.14], and Q = 3.49, i.e. absence of heterogeneity).
In quarters under selective DQT, from 6.4 to 15.5% of the quarters at risk contracted a new IMI (Tab. VII), when only around 10% of the quarters were treated. The difference in incidence (incidence in cows under selective DQT minus incidence in cows under blanket DCT) ranged from +3.8 to +7.0% (Tab. VII). All studies demonstrated a significant difference. Neither weighted mean, nor RR s were calculated from the three selected studies, but the intra-study relative risks varied from 1.83 to 2.64 (Tab. VII). When compared to selective DCT, the selective DQT was found associated with a higher incidence of IMI (RR = 1.64 in [9, 10] and 1.18 -NS-in [86] ).
DISCUSSION
This study was aimed at summarising the comparative incidence of spontaneously occurring IMI during the dry period, without or with DCT (random or selective omission, without or with application of a teat sealer). New IMI were mainly due to streptococci and CPS. A higher incidence of streptococcal and CPS IMI was observed in untreated than in treated quarters. No clear trend was observed for the difference in incidence between untreated and treated quarters for CNS or Coliform IMI. The same result was for the difference in incidence observed between selective DCT and blanket DCT. The incidence of IMI under selective DQT was higher than under blanket DCT. The incidence of IMI after the application of a teat sealer was lower than in untreated quarters and not different than treated quarters. However, wide variation was present between the 30 studies (results from 1966 to 2003 in 10 different countries) reported in the 36 selected papers here considered for review and meta-analytic calculation. Only studies based on a comparative study design including an untreated group were included in the analysis, and therefore, a quite large number of papers comparing alternative DCT without any untreated group were not considered here.
Both study populations and study designs differed between the selected papers. Consequently, the incidence of IMI in untreated quarters varied widely (from 6.5 to 35.1%), as well as the type of pathogens responsible for these IMI. This may possibly explain that, assuming the existence of additional differences in risk factors and in the type of DCT, the test for homogeneity of differences in relative risks between studies concluded to heterogeneity. The meta-regression procedure implemented here was intended to identify some factors of heterogeneity, but remained unsuccessful. This means that sample characteristics and material descriptions in studies were insufficient to cluster studies or that other variation factors of incidence of IMI were probably involved. Nevertheless, we provided a summary estimate of the relative risk in order to have an approximate value for the central trend, when the number of studies was not deemed too small. Of course, such summary estimates should only be extrapolated with caution to a particular population. In the last decades, the distribution of streptococci has changed considerably. In the older studies, Streptococcus agalactiae was frequently observed, while in the more recent studies, Streptococcus agalactiae was less frequent or absent [7, 69] . However, the effect of this evolution on the variation of incidence of IMI could not be assessed, because of the low number of new IMI due to Streptococcus agalactiae.
Some methodological origins for possible differences between studies were reported in Section 2.1.2, although the selected papers Intramammary infections during the dry period 43 did not all report the same characteristics. For example, the microbiological procedure (especially duplicate sample, volume of milk spread, storage of samples, culture medium used, etc.) was different among studies. However, the resulting differences in sensitivity (ability to avoid false negatives) can be assumed to affect to a larger extent the measurement of the incidence, but this effect was neutralised when calculating the intra-study relative risk for untreated versus treated quarters, and thus the summary estimate of relative risk provided by our calculations.
Many managerial risk factors of new IMI were evidenced in previous studies: method of drying-off, housing condition, teat dipping at drying-off, vitamin and mineral supplement, … (for review, see [17, 18, 21, 89] ). However, when thinking to omission or substitutes to DCT, the fact that the technique of intramammary administration is suspected to be a risky procedure should be taken into account. The incidence of IMI during the dry period was found higher in cows with a placebo than in untreated or treated cows: 12.6% versus 5.9 in untreated cows or 9.9% in treated cows [9] , and 19.4% versus 14.4% in treated cows [16] . Around 60% of new IMI were due to staphylococci in [16] , which are naturally present in the microflora of the teat skin [15] . Nocardia asteroides mastitis cases were reported after DCT [23, 81] , but no link with DCT could be clearly made. The insertion of a pathogen can also occur with an internal teat sealer [3-4, 35, 88] . No or little information about herd management and quality in implementation of intramammary DCT administration were available in the papers selected and, therefore, no further analysis on their impact could be done here. Under field conditions of DCT (or teat sealer) use, less precautions than those taken in the included studies are implemented (no careful disinfection for aseptically sampling before infusion), and then the risk of new IMI could be higher than that reported here.
To summarise, the central trend for the overall effectiveness of DCT was estimated at 33 to 53% relative reduction of the incidence of IMI at the quarter level during the dry period. The effectiveness was found quite different according to pathogens (Tab. III). The highest value (57 to 68%) was reached for streptococcal IMI, and a quite interesting one (23 to 67%) existed for CPS IMI. Protection of DCT against CNS and Coliforms seemed of limited magnitude or not effective, in terms of a central trend, given our analysis.
There are two periods of elevated risk of new IMI during the dry period: the first weeks after drying-off during involution of the udder [50] and the weeks preceding calving during colostrogenesis [13, 53, 85] . Most of the DCT used did no longer prevent new IMI during the latter period of elevated risk, especially for long dry periods [5, 58, 62] . As a result, at the end of the dry period, untreated and treated cows would stay at the same risk of new IMI. All DCT used in the selected studies were effective against Gram+ bacteria, but most of them were a priori not effective against Gram-bacteria. Thus, no clear conclusion may be drawn for these latter bacteria. By contrast, the limited or nonexistent effect against CNS IMI suggests that these IMI occur very late in the dry period, just before calving as well as in early lactation [43, 52, 54 , for review see 55] or another hypothesis is that the resistant CNS strain possibly infected the udder [40] .
From the selected studies, the application of an internal teat sealer was able to prevent new IMI, quite possibly better than DCT. However, this result should only be extrapolated with caution, due to the small number of eligible comparative approaches, which were conducted in a low risk context, except [35] .
In this paper, selective DCT, applied in a subpopulation of likely uninfected or few infected cows, was found associated with a variable level of elevated incidence of IMI during the dry period, compared to blanket DCT. In counterpart, the proportion of treated cows can become very low in some herds, depending on the prevalence of IMI at drying-off and on the criterion used to select the cows eligible for DCT. Bacteriological examination was used to determine which cows were left untreated in most of the selected studies. Under field conditions, this procedure generates additional costs and other difficulties such as need for aseptical sampling and transportation after preservation/freezing of the samples. Other cowside tests could be used, but they have a lower sensitivity and could result in more misclassifications [1, 56, 61] . The availability of the cow-level SCC information in most dairy herds favours its use to select, much cheaper, the cows for DCT. However, an informative value of criteria based on SCC are usually lower than bacteriological examinations 3 [20, 37] . This leads to the treatment of some false positive (uninfected) cows and to leave untreated some false negative (infected) cows.
Selective DQT, with a decision rule at the quarter level, was found associated with a quite higher risk of new IMI, than selective DCT, especially in [10] [11] . However, the proportion of treated quarters in herds decreased approximately 4-fold between DCT and DQT. In fact, uninfected quarters in infected cows are more at risk of new IMI than in uninfected cows, as already reported [50, 82] . This could be due to an individual cow susceptibility [1, 2, 6] or to a cross-contamination within the same cow [2, 89] . The question of the respective impact of these two mechanisms should be further investigated. Moreover, selective DQT needs a method to identify the infected or presumed infected quarters, and, under practical conditions, the availability of cow-level SCC in most dairy herds favours the implementation of selective DCT rather than selective DQT.
Finally, in the selected studies, selective DCT or DQT was in fact only implemented with a curative objective, and no study was aimed at exploring its relevance for cows exposed to a higher risk of occurrence. More generally, the curative use of DCT in truly infected cows is more acceptable by consumers and society, and particularly when the molecules used were not recently developed for human medicine. The preventive use of DCT is much more challenged [3, 4, 8, 10] and can only be supported by a high risk of occurrence of new IMI during the first weeks of the dry period. In herds with a low risk of new IMI during the dry period, the use of a teat sealer or selective DCT thus seems to be an alternative. More knowledge and operational tools for risk ex-ante assessment are therefore needed.
The evaluation of the health benefits and the economical profitability of, for instance, selective DCT versus blanket DCT, cannot be done solely knowing the difference in incidence during the dry period. Indeed, reportedly, 50% of the IMI occurring during the dry period persist until the following lactation, and, among these persisting IMI, 50% become clinical during the following lactation [50] . Furthermore, bacteria present during the dry period could have a deleterious effect on the subsequent lactation [28, 54] . Thus, the number of clinical cases in early lactation due to new IMI occurring during the dry period could be slightly different between selective DCT and blanket DCT [11] . This mid-term effect, as well as a quite long term effect resulting from the secondary IMI cases, induced in other cows during their lactation, should be considered in economic decision support elements. Moreover, decision should also integrate the curative effect of DCT which depends on the prevalence of IMI at drying-off.
To conclude, based on the available literature, blanket DCT was effective in limiting the incidence of IMI occurring during the dry period by around minus 45%, for a level of about 13% in incidence without DCT, as a central trend over the reviewed studies. When the risk of new IMI is high, the blanket DCT has a favourable impact on the number of new IMI, but this impact, despite of a real effectiveness of the therapy, becomes limited to null when the risk without DCT is very low. In such situations, the use of a teat sealer or a selective DCT should be considered after adequate economic assessment.
